
JOURNAL OF CLINICAL MICROBIOLOGY, Jan. 2004, p. 133–139 Vol. 42, No. 1
0095-1137/04/$08.00�0 DOI: 10.1128/JCM.42.1.133–139.2004
Copyright © 2004, American Society for Microbiology. All Rights Reserved.

Typical Enteroaggregative Escherichia coli Is the Most Prevalent
Pathotype among E. coli Strains Causing Diarrhea in

Mongolian Children
Jav Sarantuya,1 Junichiro Nishi,1* Naoko Wakimoto,1 Shirchin Erdene,2 James P. Nataro,3

Jalaluddin Sheikh,3 Mayumi Iwashita,1 Kunihiro Manago,1 Koichi Tokuda,1
Masao Yoshinaga,1 Koichiro Miyata,1 and Yoshifumi Kawano1

Department of Pediatrics, Kagoshima University Graduate School of Medical and Dental Sciences, Kagoshima, Japan1;
Bacteriological Laboratory, Mother and Child Health Center, Ulaanbaatar, Mongolia2; and Center for

Vaccine Development, University of Maryland School of Medicine, Baltimore, Maryland 212013

Received 24 June 2003/Returned for modification 4 September 2003/Accepted 22 September 2003

Diarrhea remains one of the main sources of morbidity and mortality in the world, and a large proportion
is caused by diarrheagenic Escherichia coli. In Mongolia, the epidemiology of diarrheagenic E. coli has not been
well studied. A total of 238 E. coli strains from children with sporadic diarrhea and 278 E. coli strains from
healthy children were examined by PCR for 10 virulence genes: enteropathogenic E. coli (EPEC) eae, tir, and
bfpA; enterotoxigenic E. coli (ETEC) lt and st; enteroinvasive E. coli (EIEC) ipaH; enterohemorragic E. coli stx1
and stx2; and enteroaggregative E. coli (EAEC) aggR and astA. EAEC strains without AggR were identified by
the HEp-2 cell adherence test. The detection of EAEC, ETEC, EPEC, and EIEC was significantly associated
with diarrhea. The incidence of EAEC (15.1%), defined by either a molecular or a phenotypic assay, was higher
in the diarrheal group than any other category (0 to 6.0%). The incidence of AggR-positive EAEC in the
diarrheal group was significantly higher than in the control group (8.0 versus 1.4%; P � 0.0004), while that of
AggR-negative EAEC was not (7.1 versus 4.3%). Nineteen AggR-positive EAEC strains harbored other EAEC
virulence genes—aggA, 2 (5.5%); aafA, 4 (11.1%); agg-3a, 5 (13.8%); aap, 8 (22.2%); aatA, 11 (30.5%); capU, 9
(25.0%); pet, 6 (16.6%); and set, 3 (8.3%)—and showed 15 genotypes. EAEC may be an important pathogen of
sporadic diarrhea in Mongolian children. Genetic analysis showed the heterogeneity of EAEC but illustrated
the importance of the AggR regulon (denoting typical EAEC) as a marker for virulent EAEC strains.

Diarrhea continues to be one of the most common causes of
morbidity and mortality among infants and children in devel-
oping countries (5, 18). Five distinct classes of diarrheagenic
Escherichia coli (DEC) are recognized as being associated with
diarrheal disease. They are enterotoxigenic E. coli (ETEC),
enteroinvasive E. coli (EIEC), enteropathogenic E. coli
(EPEC), enterohemorrhagic E. coli (EHEC), and enteroaggre-
gative E. coli (EAEC); diffuse adhering E. coli (DAEC) may
represent a sixth category, but this has not been clearly estab-
lished (18). Each class of DEC is defined on the basis of
distinct virulence characteristics, and tests for these character-
istics have been developed to distinguish DEC classes from
each other and from nonpathogenic E. coli strains of the nor-
mal flora (15, 34). The epidemiological significance of each E.
coli category in childhood diarrhea varies with the geographi-
cal area. It has become clear that there are important regional
differences in the prevalences of the different categories of
DEC. The incidences of diarrheal illnesses caused by the dif-
ferent categories of DEC were examined mainly in Latin
America, Africa, southern and Southeast Asia, and the Middle
East (1, 3, 25, 32, 35, 36, 45). Study of the prevalences of DEC
categories and their importance in childhood diarrhea has not

been carried out in Mongolia. Therefore, to define the associ-
ation of various categories of E. coli with diarrhea in Mongolia,
we carried out a controlled study using PCR for identification
of specific virulence factors.

Among the DEC categories, EAEC appears to have been
increasingly recognized as an emerging pathogen causing di-
arrhea in both developing and industrialized countries (20, 26,
28). Few studies have compared the presence of EAEC mark-
ers in strains isolated from children with and without diarrhea
in different geographic regions (9, 11, 24). No single study of
enteric EAEC, their heterogeneous natures, and the epidemi-
ological significance of the organism is available in Mongolia.
To characterize EAEC strains isolated in Mongolia, we inves-
tigated the prevalences of virulence factors and the genotypes
of EAEC from children with sporadic diarrhea and without
diarrhea. This is the first report of the epidemiology of DEC in
Mongolia.

(This research was presented in part at the 103rd General
Meeting of the American Society for Microbiology, Washing-
ton, D.C., in May 2003 [J. Sarantuya, J. Nishi, N. Wakimoto,
and K. Manago, Abstr. 103rd Gen. Meet. Am. Soc. Microbiol.,
abstr. D-109, p. 221, 2003].)

MATERIALS AND METHODS

Subjects and strains. A total of 238 E. coli isolates from children with sporadic
diarrhea (0 to 16 years of age; mean age, 5.3 years) and 278 E. coli isolates from
healthy children (0 to 16 years of age; mean age, 6.3 years) were isolated in the
bacteriological laboratories of three hospitals in Ulaanbaatar City (Mother and
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Child Health Center, Infectious Disease Hospital, and Second Clinical Hospital)
from July 2001 through September 2002. Patients were enrolled in the study if
they had diarrhea characterized by frequent watery stools (�3 times/day) with or
without blood or mucus. The children had not taken any antimicrobial agent in
the week preceding sampling. A control group of apparently healthy children
with a similar age distribution was selected from the clinic population. These
children were admitted to the hospital for nondiarrheal illnesses and without a
history of diarrhea and/or of taking any antimicrobial agent for at least 1 month.

Specimens were collected by means of sterile cotton applicators applied to the
rectums of case patients and control subjects. The swabs were transferred directly
to the surfaces of MacConkey agar plates. Organisms producing colonies after 24
or 48 h of incubation were transferred to fresh plates and onto nutrient agar.
Only one stool specimen from each case patient or control subject was tested. All
specimens were processed by routine microbiological and biochemical tests in
the bacteriological laboratories to identify Salmonella spp., Shigella spp., Campy-
lobacter spp., Vibrio spp., Aeromonas spp., and Yersinia enterocolitica, and they
were also examined for Entamoeba histolytica and Giardia lamblia. All specimens
in our study were negative for these bacterial and parasitic pathogens. All E.
coli-like colonies from a single stool sample with identical colony morphologies
and biochemical properties were assumed to be identical; if isolates were found
to be identical, only one colony from that specimen was analyzed further. A total
of 516 E. coli isolates from case patients and control subjects were transferred in
transport medium to Kagoshima University, Kagoshima, Japan, and examined
further. E. coli strains were individually stored at �80°C in skim milk for routine
examination.

PCR analysis. As a template, we used DNA purified by a standard biochemical
method with phenol-chloroform extraction. All strains were evaluated by PCR
for identification of 10 virulence genes of distinct DEC groups: eae (46), tir, and
bfpA (42) for EPEC; st and lt (40) for ETEC; ipaH (37) for EIEC; stx1 and stx2
(33) for EHEC; and astA (encoding the toxin EAST1) (46) and aggR (42) for
EAEC. Each primer sequence and the conditions for PCR were obtained from
the relevant references. The tir gene was amplified using primers with the fol-
lowing sequences: 5�-CAGCCTTCGTTCAGATCCTA-3� (positions 1971 to
1990) and 5�-GTAGCCAGCCCCCGATGA-3� (positions 2374 to 2391) (Gen-
Bank accession no. AF070067). As a positive control, we used standard EPEC,
EIEC, ETEC, EHEC, and EAEC strains, which were kindly provided by the
Osaka Prefectural Institute of Public Health, Osaka, and Kagoshima Prefectural
Institute for Environmental Research and Public Health, Kagoshima, Japan.
Also, the genes encoding the aggregative-adherence (AA) fimbriae (AAF/I)
(aggA), AAF/II (aafA) (44), and AAF/III (agg-3a) (2); plasmid-encoded toxin
(pet) (10); Shigella enterotoxin 1 (set) (44); dispersin protein (aap) (38); cap locus
protien (capU) (7); and AA probe-associated protein (aatA) (22) were investi-
gated by PCR among EAEC strains. Each primer sequence and the PCR con-
ditions were obtained from the relevant references. The primers for the aap gene
were as follows: 5�-TGAAAAAAATTAAGTTTGTTATC-3� (forward; positions
18 to 40) and 5�-AACCCATTCGGTTAGAGC-3� (reverse; positions 344 to 361)
(GenBank accession no. Z32523). The primers for the aatA gene were as follows:
5�-ATGTTACCAGATATAAATATAG-3� (forward; positions 2723 to 2744)
and 5�-CATTTCCCCTGTATTGGAAATG-3� (reverse; positions 3766 to 3787)
(GenBank accession no. AY351860). The primers for the capU gene were as
follows: 5�-ATGAATATACTATTTACGGAATC-3� (forward; positions 1403 to
1425) and 5�-CTACAGGCACAGAAAATGCCGATG-3� (reverse; positions
2201 to 2224) (GenBank accession no. AF134403). The assay was performed in
a DNA thermal cycler (PC 707; ASTEC, Fukuoka, Japan), and the PCR prod-
ucts were electrophoresed in agarose gels.

HEp-2 cell adherence test. E. coli isolates were subjected to a HEp-2 cell
adherence test by the method described by Nataro et al. with slight modifications
(19).

Quantitative biofilm assay. For the assessment of biofilm formation, 200 �l of
Dulbecco’s modified Eagle’s medium with 0.45% glucose in a 96-well polystyrene
microtiter plate was inoculated with 5 �l of an overnight Luria broth culture
grown at 37°C with shaking. The plate was incubated at 37°C overnight (18 h) and
then the culture was visualized by staining it with 0.5% crystal violet for 5 min
after washing it with water (39). The biofilm was quantified in duplicate, after the
addition of 200 �l of 95% ethanol, by an enzyme-linked immunosorbent assay
plate reader at 570 nm. EAEC 042 was used as a positive control, and E. coli
HB101 was used as a negative control.

PFGE assay. Pulsed-field gel electrophoresis (PFGE) was performed using a
CHEF-DR 3 apparatus (Nippon Bio-Rad Laboratories K.K., Tokyo, Japan)
according to the instruction manual. DNA was digested by XbaI and separated
on 1% agarose gels by PFGE under the following conditions: current range, 100
to 130 mA at 14°C for 20 h; initial switch time, 5.3 s, linearly increasing to a final
switch time of 49.9 s; angle, 120°; field strength, 6 V/cm. The gels were stained

with ethidium bromide and photographed. A lambda DNA ladder with a size
range of 48.5 kb to 1 Mb (BME, Rockland, Maine) was used as a size marker.

Serogrouping. All PCR-positive DEC isolates identified were O serogrouped
by a slide agglutination test using commercially available antisera (Denkaseiken,
Tokyo, Japan).

Statistical analysis. Statistical analysis was done by Fisher’s exact test and
univariate and multivariate stepwise regression analyses. P values of �0.05 were
considered significant.

RESULTS

A total of 516 E. coli strains were evaluated by PCR to detect
10 virulence genes to classify the DEC categories. EPEC,
ETEC, EIEC, and EHEC were defined as strains having the
respective virulence genes. The incidences of each virulence
gene among E. coli isolates in the diarrheal and control groups
are shown in Table 1. The incidence of each gene was signif-
icantly higher in the diarrheal group than in the control group,
except for lt, stx1, and stx2. Because EAEC has been defined as
comprising strains showing typical AA in a HEp-2 cell adher-
ence test, we examined the AggR-positive strains for the ad-
herence pattern. Nineteen of 22 AggR-positive strains in the
diarrheal group and 4 of 12 AggR-positive strains in the con-
trol group showed AA and were identified as EAEC. To detect
AggR-negative EAEC, we performed a HEp-2 cell adherence
test of AggR-negative E. coli. Seventeen AggR-negative
EAEC strains were found in the diarrheal group, and 12 were
found in the control group (Table 2).

The incidences of DEC categories in the diarrheal and the
control group are shown in Table 2. The incidence of DEC in
the diarrheal group (28.1%; 67 of 238) was significantly higher
than that in the control group (7.2%; 20 of 278) (P � 0.0001).
The most prevalent category was EAEC, followed by ETEC,
EPEC, and EIEC. EHEC was not detected in any case patient,
but one strain was found in the control group. In our study, five
patients had visibly bloody stools in a history of the illness.
EPEC, EIEC, and EAEC were detected in each of three pa-
tients. The strains from the remaining two patients did not
belong to any recognized DEC category.

All nine EPEC strains were positive for the eae and tir genes;
five of them were positive for the bfpA gene in the diarrheal
group. These five strains with eae, tir, and bfpA genes showed
localized adherence to HEp-2 cells (typical EPEC). The inci-
dence of ETEC in the diarrheal group was significantly higher

TABLE 1. Incidences of each virulence gene among E. coli isolates
in diarrheal and control groups

Virulence
gene

No. of strains (%)

P valuea

Diarrheal (n � 238) Control
(n � 278)

eae 9 (3.8) 0 (0) 0.0009
tir 9 (3.8) 0 (0) 0.0009
bfpA 5 (2.1) 0 (0) 0.02
ipaH 8 (3.3) 0 (0) 0.002
lt 7 (2.9) 2 (0.7) NS
st 9 (3.8) 2 (0.7) 0.028
stx1 0 (0) 1 (0.4) NS
stx2 0 (0) 0 (0) NS
aggR 22 (9.2) 12 (4.3) 0.021
astA 52 (21.8) 14 (5.0) �0.0001

a NS, not significant.
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than that in the control group. ETEC producing only ST was
significantly associated with diarrheal disease; LT-only produc-
ers and those strains carrying genes for ST and LT were not
associated with diarrhea in this population, though the num-
bers were surprisingly low. EPEC and EIEC were not detected
in any subject in the control group, showing the significant
association of both categories with diarrhea. EAST1 was de-
tected in 52 (21.8%) strains in the diarrheal group (of which 9
samples were EAEC, 6 samples were ETEC, and one sample
was DAEC) and 14 (5%) strains in the control group (of which
1 strain was EAEC and 1 was ETEC). We analyzed the signif-
icance of the astA gene by multiple regression analysis. The
astA gene was significantly associated with the lt gene (P �
0.0001). The incidence of strains carrying both lt and astA was
higher in the diarrheal group (2.5%; 6 of 238) than in the
control group (0.4%; 1 of 278); however, it was not statistically
significant (P � 0.053). The presence of the astA gene was
significant for production of diarrhea only in EAEC strains,
not in strains with other virulence genes. The incidence of
strains carrying astA that did not belong to any recognized
DEC category was significantly higher in the diarrheal group
(21.0%; 36 of 171) than in the control group (14.6%; 2 of 258)
(P � 0.0001). The incidence of AggR-positive EAEC in the
diarrheal group was significantly higher than in the control
group, while that of AggR-negative EAEC was not.

The age distribution of patients with DEC is shown in Fig. 1.
EPEC strains were mainly isolated in the �3-year age group.
EIEC was observed in all age groups, with an increasing trend
toward the �11-year age group. EAEC, commonly seen in all
age groups, tends to be isolated more often in the �1-year age
group.

To further characterize the identified EAEC strains, we
evaluated the eight virulence genes of EAEC in addition to
aggR and astA. Table 3 shows the incidences of the examined
genes among the EAEC isolates. The virulence genes were
mainly observed in the AggR-positive EAEC strains in the
diarrheal group. The combinations of the virulence genes
among EAEC strains are shown in Table 4. A variety of dif-

ferent combinations of the genes was observed more preva-
lently in the diarrheal group than in the control group. As the
aatA gene sequence overlaps with the region of the conven-
tional CVD432 (AA) probe, we considered aatA-positive
strains to be AA probe positive. This probe sequence was not
found in the control group. EAEC strains of the diarrheal
group harboring two or more markers were observed more
frequently in AA probe-positive strains (100%; 11 of 11) than
in AA probe-negative strains (29.6%; 8 of 25) (P � 0.0001).

AA patterns of EAEC detected by the HEp-2 adhesion test
are shown in Fig. 2. Three AA types were observed in this
study: type A, the typical AA pattern with a honeycomb for-
mation; type B, an AA pattern without the typical honeycomb
formation; and type C, an AA pattern with lined up cells. The
incidence of each AA pattern in the diarrheal group and the
control group are shown in Fig. 2D. Most strains showed the
typical AA pattern (type A). There was no significant differ-
ence among the groups.

The biofilm-forming ability of EAEC was reported previ-

FIG. 1. Age distribution of diarrheagenic E. coli (DEC) categories
in the diarrheal group. Shown is a comparison of the isolation rates of
E. coli categories in the five age groups (y, years). The bars show the
percentages of patients with DEC infection in the populations of the
age groups.

TABLE 2. Distribution of diarrheagenic E. coli categories among E. coli strains examined

DEC categorya

No. of strains (%)

P valueb O serotypesc (no. of strains)
Diarrheal (n � 238) Control

(n � 278)

EPEC (total) 9 (3.8) 0 (0) 0.0009
Typical 5 (2.1) 0 (0) 0.02 O55 (1), O111 (3), NT (1)
Atypical 4 (1.6) 0 (0) 0.04 O6 (1), O111 (1), NT (2)

ETEC (total) 14 (6.0) 3 (1.1) 0.002
LT only 5 (2.1) 1 (0.3) NS O143 (1), O159 (1), NT (4)
ST only 8 (3.3) 1 (0.3) 0.013 O6 (1), O78 (1), NT (7)
LT and ST 1 (0.4) 1 (0.3) NS O55 (1), NT (1)

EIEC 8 (3.3) 0 (0) 0.002 O28 (1), O112 (1), O115 (1), O158 (1), NT (4)
EHEC 0 (0) 1 (0.3) NS NT (1)
EAEC (total) 36 (15.1) 16 (5.7) 0.0006

AggR positive 19 (8.0) 4 (1.4) 0.0004 O15 (2), O126 (2), O148 (1), NT (18)
AggR negative 17 (7.1) 12 (4.3) NS NT (29)

Total 67 (28.1) 20 (7.2) �0.0001

a LT, heat-labile toxin; ST, heat-stable toxin.
b NS, not significant.
c NT, nontypeable.
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ously (18, 39). To compare the biofilm-forming abilities of
AggR-positive and AggR-negative EAEC strains, we per-
formed a quantitative biofilm assay. There was no significant
difference between AggR-positive and -negative EAEC strains
in the diarrheal group: AggR-positive strains, 0.788 � 0.564
(mean optical density � standard deviation); AggR-negative
strains, 0.863 � 0.553.

Fifteen different genotypes were observed by PFGE analysis
among 19 AggR-positive EAEC strains (Fig. 3).

DISCUSSION

In this study, E. coli isolates from the stools of children with
diarrhea and from those of healthy children in Mongolia were
investigated for the presence of the selected virulence factors
of EPEC, ETEC, EIEC, EHEC, and EAEC. Reports from
other developing countries have shown that ETEC, EPEC, and
EAEC are significantly associated with diarrhea (1, 3, 13, 30,

36). In the present study, all classes of DEC except EHEC
were found in the diarrheal group. The observed differences
between recovery rates in the diarrheal and the control groups
for EPEC, ETEC, and EIEC showed significant association
with diarrhea. Notably, the results observed with ETEC, in
which ST-producing strains showed stronger association with
diarrhea than strains producing LT and both ST and LT,
agreed with the results of several other studies (1, 25). Previous
reports from developing countries have shown a significant
association of typical EPEC strains (eae� bfpA� stx) with di-
arrhea (1, 19, 36). Some recent reports from developed coun-
tries have shown that atypical EPEC strains (eae� bfpA) are
more prevalent than typical EPEC strains (29, 41). In this
study, we found both typical and atypical EPEC strains signif-
icantly more often in the diarrheal group than in controls.
EHEC strains were not found in the diarrheal group, which is
in agreement with studies in other developing countries, in
which EHEC plays a less important role in childhood diarrhea
(25, 27, 32). Human infections due to EHEC are primarily
associated with the consumption of fecally contaminated food-
stuffs. The low incidence of EHEC in our study could be
attributable to the lack of consumption of raw meat or vege-
tables in Mongolia.

According to the 2002 statistical data from the Center for
Health Statistics in Mongolia, the major bacterial enteric
pathogen is Shigella (83%), followed by Salmonella (8.2%). In
the two hospitals participating in our study, 70% of bacterial
cases were caused by Shigella and 10% were caused by Salmo-
nella, followed by E. coli and other pathogens (S. Erdene,
personal communication). However, the significance of E. coli
as an enteric pathogen has been underestimated, because the
virulence factors of DEC have not been evaluated. This report
could be important for future studies of the epidemiology of
DEC in Mongolia.

A possible methodological limitation is the fact that the
diarrheal group in our study may include some patients with
viral enterocolitis, because the tests for viral enteric pathogens
were not fully available. Furthermore, we subcultured only one
colony of E. coli on a plate. Subculturing multiple colonies
might have yielded a higher incidence of DEC and led to the
detection of two categories of DEC in a patient. Even assum-
ing these limitations, our data demonstrated that a variety of
DEC strains exist in Mongolia and that they are associated
with sporadic diarrhea in children. The microbiological labo-
ratories in Mongolia only test for some EPEC and ETEC

TABLE 3. Distribution of virulence-related markers among EAEC strains

EAEC factor

Diarrheal Control

Total (%) (n � 36) AggR�

(n � 19)
AggR�

(n � 17) Total (%) (n � 16) AggR�

(n � 4)
AggR�

(n � 12)

AAF/I 2 (5.5) 1 1 0 (0) 0 0
AAF/II 4 (11.1) 4 0 0 (0) 0 0
AAF/III 5 (13.8) 5 0 0 (0) 0 0
AA (AatA) 11 (30.5) 11 0 0 (0) 0 0
Aap 8 (22.2) 8 0 1 (6.25) 1 0
CapU 9 (25.0) 8 1 2 (12.5) 1 1
Pet 6 (16.6) 6 0 0 (0) 0 0
EAST1 12 (33.3) 9 3 1 (6.25) 1 0
ShET1 3 (8.3) 3 0 0 (0) 0 0

TABLE 4. Combinations of virulence markers among EAEC strains

EAEC (no. of
strains) Gene combination No. (%) of

strains

Diarrhea (36) aggR aafA pet aap aatA astA cap set 2 (5.5)
aggR agg-3a pet aap aatA astA cap set 1 (2.7)
aggR aafA pet aap astA 1 (2.7)
aggR agg-3a aap aatA astA 1 (2.7)
aggR aafA pet astA 1 (2.7)
aggR agg-3a aap aatA 1 (2.7)
aggR agg-3a pet cap 1 (2.7)
aggR aatA cap astA 1 (2.7)
aggR aggA aatA 1 (2.7)
aggR agg-3a aatA 1 (2.7)
aggR aap aatA 2 (5.5)
aggR aatA cap 1 (2.7)
aggR cap astA 1 (2.7)
aggR astA 1 (2.7)
aggR cap 1 (2.7)
aggR 2 (5.5)
aggA astA 1 (2.7)
cap astA 1 (2.7)
astA 1 (2.7)
None 14 (38.8)

Control (16) aggR aap 1 (6.2)
aggR cap 1 (6.2)
aggR astA 1 (6.2)
aggR 1 (6.2)
cap 1 (6.2)
None 11 (68.7)
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serotypes to detect DEC. The development of widely available
tests for DEC, including molecular diagnostic methods and the
HEp-2 cell adherence test, will be needed. Furthermore, na-
tional basic research studies of the epidemiology of DEC in
Mongolia must include not just the city area but also the outer

urban and rural areas, where the hygiene is not as good and
social levels are not as high as in the city.

EAEC was discovered in 15.1% of cases in the diarrheal
group and appeared to be the most prevalent pathogen among
DEC categories. These cases seem to be the first EAEC infec-

FIG. 2. AA patterns of EAEC detected by HEp-2 adhesion test. (A) Type A: typical AA pattern with honeycomb formation. (B) Type B: AA
pattern without typical honeycomb formation. (C) Type C: AA pattern with lined up cells. (D) Incidence of each AA pattern in diarrheal and
control groups.

FIG. 3. PFGE pattern digested by XbaI. Lane 1, marker (lambda DNA ladder); lines 2 to 16, 15 representative patterns observed among 19
AggR-positive EAEC strains in the diarrheal group.
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tions ever diagnosed in Mongolia. There are an increasing
number of reports showing that EAEC is associated with di-
arrhea. Studies in Brazil, India, southwest Nigeria, Congo, and
Iran have noted that EAEC strains are important emerging
agents of pediatric diarrhea (3, 4, 12, 24, 36). The pathogenic
mechanisms of EAEC infection are only partially understood
and are most consistent with mucosal colonization followed by
secretion of enterotoxins and cytotoxins. However, there ap-
pears to be significant heterogeneity of virulence among
EAEC isolates, in part due to lack of specificity in the HEp-2
adherence assay. A few reports have evaluated the prevalence
of EAEC virulence genes in strains isolated from case and
control studies (9, 24, 31, 44). In the present study, the plas-
mid-borne genes aggR, aggA, aafA, agg-3a, pet, aap, aatA, and
capU and the chromosomal gene set were assessed as patho-
genic genes responsible for the expression of adherence and
cytotoxin production.

In our study, the incidence of AggR-positive EAEC was
significantly higher in the diarrheal group than in the control
group, while there was no difference between the prevalences
of AggR-negative EAEC in the two groups. These results sug-
gest that AggR-negative EAEC may be less important in the
pathogenesis of diarrhea or that it may be avirulent. Some
other epidemiological studies have suggested greater pathoge-
nicity of AA probe-positive strains than of probe-negative
strains (9, 24). AggR was originally described as a protein
required for the expression of AAF/I (17, 21) and was subse-
quently also shown to be required for AAF/II expression (8).
More recently, AggR has been shown to be required for the
expression of the aap (see below) and aatA (22) genes. Dudley
and Nataro have found that chromosomal genes are also under
the control of AggR (unpublished data). Therefore, it is likely
that the aggR gene serves as a marker for truly virulent EAEC
strains, which express a package of virulence genes. Our data
are consistent with this paradigm. Analogous to the term “typ-
ical EPEC,” Nataro has recently suggested the term “typical
EAEC” to refer to strains expressing the AggR regulon (16).

Recently, the aap gene was reported to encode a secreted
10-kDa protein that appears to coat the bacterial surface and
thereby promote the dispersal of EAEC on the intestinal mu-
cosa. It was also shown that this protein is immunogenic in a
human EAEC challenge model (38). The incidence of this
gene among EAEC strains isolated in one district has not been
reported. In the present study, the aap gene was found in
22.2% of the diarrheal group and 6.2% of the control group of
EAEC, which is lower than the incidence in a previous report
(7).

The AAF/I and AAF/II genes were present in 5.5% (2 of 36)
and 11.1% (4 of 36), respectively, of EAEC in the diarrheal
group. As was found previously in various epidemiological
studies, the prevalences of AAF/I and AAF/II appear to vary
up to 19% according to the geographical area. In Nigerian
EAEC strains, they were detected more frequently, in 63.0 and
46.6% of EAEC, respectively, and AAF/II correlated signifi-
cantly with diarrhea (24). AAF/III has recently been identified
and reported to be found in EAEC isolates from human im-
munodeficiency virus-infected patients presenting with persis-
tent diarrhea (2). We examined this fimbria type in different
geographical areas and found it in 13.8% of EAEC strains,
indicating that this new variant fimbria plays a role in sporadic

diarrhea of children in different regions. These three fimbria
types were not detected in any of the control EAEC strains,
suggesting that these factors are important for the pathogen-
esis of EAEC. However, considering that only a minority of
isolates produced these fimbriae in our study and in others (6,
7), future investigation to find other unknown fimbriae should
be carried out. All strains with the fimbrial-type genes were
also AggR positive, except for one, which was AAF/I� and
AggR�. In the HEp-2 adhesion test, most EAEC strains
showed typical AA adherence (type A), while a minority of
EAEC showed atypical AA adherence (type B or C). All the
strains harboring AAF/I, AAF/II, or AAF/III showed the typ-
ical AA pattern. This result suggests some variations in the
adherence pattern of EAEC and the presence of unknown
adhesive fimbriae.

Notably, in our study, the EAST1 toxin was found in EAEC,
ETEC, and DAEC strains and in many strains not belonging to
any diarrheagenic category. It has been shown that EAST1 is
not restricted to EAEC isolates, and very few studies have
shown an association of this gene with diarrhea (14, 23, 43). In
our study, the strains producing EAST1 that did not belong to
any recognized DEC categories were significantly associated
with diarrhea, suggesting the pathogenetic role of this toxin in
our district. Thus, EAST1 may play a role in some epidemio-
logical areas.

In summary the present study shows that EPEC, ETEC,
EIEC, and EAEC have significant association with pediatric
diarrhea in Mongolia, and especially, that typical EAEC may
be an important pathogen causing sporadic diarrhea in this
population of children.
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